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SUMMARY 

This report presents the results of field strength measurements on hori- 
zontally polarized uJi.f, transmissions at 774 MHz over the North Sea at 
distances from /Q,9 km to 950 km. These measurements extended over a 
period of 2'-j years and have been used in the preparation of curves showing 
field strength as a function of distance for specified percentages of the total 
time. 

The results indicate that for low time-percentages the field strength 
values var\> greatly from month to month and from site to site; this is thought 
to be due partly to seasonal changes and partly to different meteorological 
conditions occurring over the different paths. 

The monthly field strength values exceeded for specified time-percent- 
ages tend to be consistently higher during the summer months, as observed 
also during earlier measurements over the same paths at a frequency of 560 
MHz. However, the highest values recorded throughout the present series of 
measurements occurred in a winter month. 

The results are compared with earlier BBC measurements utilizing fre- 
quencies in the Broadcasting Bands //, ///, and IV*. It is deduced that there 
are no substantial differences between the present results and those obtained 
earlier on Band IV, other than those attributable to the measurements having 
been made over different periods of time. 

The resultant values obtained by combining the Band IV and Band V 
measurements are compared with both the existing CCIR curves, and with a 
iriodification of these curves which has been proposed by United Kingdom 
Study Group V, for uJi.f. propagation over the North Sea. 



1. INTRODUCTION 

V.H.F. and u.h.f. transmitters situated in the 
United Kingdom and Continental countries have to 
share the same television and sound broadcasting 
channels. Information is therefore required on over- 
sea propagation so that the distance between 
stations can be planned to limit the probability of 
mutual interference during abnormal propagation 
conditions. 



* Broadcasting Bands; 

Band I 41 MHz - 68 MHz 

Band 11 87-5 MHz - 100 MHz 

Band III 174 MHz - 216 MHz 

Band IV 470 MHz - 58 2 MHz 

Band V 614 MHz - 854 MHz 



During the past decade the BBC with the co- 
operation of the Netherlands Postal and Telecom- 
munications Services, have completed a series of 
long distance propagation measurements over the 
North Sea in the Broadcasting Bands II, III, and 
jY 1,2,3 -pi^g results of these measurements were 
used in conjunction with data from other admini- 
strations to derive the CCIR (Geneva 1963)"^ over- 
sea field-strength/distance curves. As a continu- 
ation of the oversea tests, Band V measurements 
were commenced on the 13th October 1961 and 
terminated on the 31st December 1963. 

The transmitting station was at Scheveningen 
in Holland and measurements were made at five 
receiving stations situated on the east coast of the 
United Kingdom at distances ranging in length from 
198 km. to 950 km. 



2. TRANSMITTING 
DETAILS 



AND RECEIVING SITE 



2.1. Transmitting Site 

A BBC Research Department transmitter work- 
ing on a frequency of 774 MHz was installed and 
operated by the Netherlands Postal and Telecom- 
munications Services at Scheveningen Radio Station. 
Scheveningen is 13 m above mean sea level and is 
situated in latitude 52° 06' N, longitude 4° 16 ' E. 
The transmission was square-wave modulated at 
1000 c/s to a depth of 100%. The modulation was 
cut for two seconds every minute for identification 
purposes. 

The 774 MHz transmitting aerial was a corner 
reflector with an intrinsic gain of 13'5 dB relative 
to a X/2 dipole, the half-power beam-width being 
±24°. The aerial was horizontally polarized and 
at a height of 47 na above ground level (a.g.l.). 
The direction of maximum radiation was 320° east 
of true north giving, in this direction, an effective 
radiated power (e.r.p.) of 0'95 kW. For all trans- 
mission paths the radio horizon wa s the sea. 

The daily schedule of transmissions was 
0830 - 2300 hours, British Local Time. 



2.2. Receiving Sites 

The receiving sites were those at which mea- 
surements were made during the previous experi- 
ments in Bands II, III and IV. Fig. 1 shows the 
geographical distribution of the sites and Table 1 
gives additional receiving site details. 

The type of receiver installed has been des- 
cribed in detail in earlier Research Department 
Reports. ^'^ The mainfeatures of the u.h.f. receiver 



were its high sensitivity and stability of calibration. 
The recording law was approximately logarithmic 
with a signal range of about 50 dB. This range was 
insufficient under certain conditions and an attenua- 
tor was switched into circuit between the r.f. and 
i.f. units when the recording milliammeter reached 
full scale deflection. ; 

The 774 MHz receiving aerials comprised two 
tiers of ten-element Yagis; each aerial had an 
intrinsic gain of 12 dB, relative to a V2 dipole, 
and a half-power beamwidth of approximately ±18°. 
At each receiving site the aerial was mounted 8'5 m 
a.g.l. ■ 

The recorder charts were run at a speed of 
3 in. (76 mm) or 6 in. (152 mm) per hour depending 
upon the type of fading normally experienced at the 
site. 



3. RESULTS 

3.1 , Analysis 

The field strength recording charts were analy- 
sed on a daily basis, and then grouped into months, 
to give the overall data for each transmission path. 

The records were analysed to determine the 
length of time during which signal levels exceeded 
various values of field strength at each of the 
receiving sites. These time durations, expressed 
as percentages of the total valid recording time, 
were then plotted against field strength in decibels 
relative to l/i-V/m [d3(/^V/m)] for an e.r.p. of 
1 kW. The field strength exceeded for 0-1%, 1%, 5% 
and 10% of the total time was plotted against each 
of the distances at which the recordings were 
made. A family of curves was then constructed to 
show the field strength exceeded for different time- 
percentages as a function of distance. 









TABLE 1 












Receiving Site Details 






LOCATION 


DISTANCE 


SITE 


HEIGHT 


TRUE BEAR- 


LATITUDE 


LONGITUDE 




FROM 


ABOVE MEAN 


ING OF SITE 








TRANSMITTER 


SEA 


LEVEL 


FROM TRANS^ 








km 




m 


MITTER 






Happisburgh 


198 




15 


295° 


52°49'42"N 


1°31'38"E 


Flamborough Head 


365 




45 


309° 


54°07'39"N 


0°05'40"W 


Newton-by°the-Sea 


543 




20 


317° 


55°31'06"N 


1°37'05"W 


Bridge of Don 


690 




10 


326° 


57 ° 10' 40'' N 


2°05'00"W 


Lerwick 


950 




90 


342° 


60°08'00"N 


1°10'20"W 



Lerwick 
^/^Obsczrvatory 



NORTH 
SEA 




Fig. 1 - Geographical distribution of trans?nitting and receiving sites 



3.2. Variations of Field Strength With Time at 
the Receiving Sites 

The results of the measurements made at each 
of the sites are given in Fig. 2; these results are 
plotted as field strength exceeded against percent- 
age of total transmission time. The table associated 
with Fig. 2 gives the total hours recorded at each 
site and the free-space field strength for each path. 

It will be noted that the 0^01%. field strength 
value for Bridge of Don (curve d) is lower than that 
for Lerwick (curve e), although Bridge of Don is 
nearer to the transmitter site. A possible explan- 
ation is that for this small percentage of the time 
the abnormal propagation conditions were less 
favourable for the Bridge of Don path than for the 
Lerwick path. The Lerwick site is, however, at a 
considerably greater height above sea level and this 
could also possibly cause significantly higher field 
strengths to be received under certain propagation 
conditions. 

Table 2, derived from Fig, 2 gives the values 
of field strength exceeded for 0-1%, 1%, 5%, 10%, 
and 50% of the total time. 

3.3. Field-Strength/Distance Curves 

Following previous practice we can derive, for 
a given time-percentage, the "best fit" line for log 
E plotted as a function of distance, making the 
assumption that the field strength E varies with 
distance d, according to the law 



kd' 



where k is a parameter related to the transmission 
path and m is the slope of the best fit line. In 
Fig. 3 are shown the field strength plots and the 
best fit lines for the 0-1%, 1%, 5% and 10% time 
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Fig. 2 . Variation of field strength with time 

values. Table 3 gives the values of m and 20 log k 
for these selected time-percentages. With the 
exception of the 10% values the slope of the best 
fit line tends to increase with time-percentage. 



TABLE 2 
Field Strengths (774 MHz) - October 1961 to December 1963 



CURVE 

(a) 
(b) 
ic) 

id) 

ie) 



RECEIVING SITE 

Happisburgh 
Flamborough Head 
Newton»by-the-Sea 
Bridge of Don 
Lerwick 



DISTANCE 
km 

198 

365 

543 

690 

950 



FIELD STRENGTH, dB(/xV/m) FOR 1 kW e.r.p. 
0»1% 1% 5% 10% 50% 



79-0 


68-0 


47*0 


31-0 


5-5 


64-0 


50*5 


22-0 


7-0 


<NL 


57-0 


31-5 


1-0* 


"9-0* 


<NL 


39-0 


14-0 


<NL 


<NL 


<NL 


33-0 


5-0* 


<NL 


<NL 


<NL 



* Extrapolated 



<NL - below noise level 



80 




175 200 



300 400 500 

distance from transmitter, km 



6 GO 



7O0 800 900 1000 



Fig, 3 ' Variation of field strength with distance 
O 0-1% Time A 5% Time extrapolated 

X 1%- Time O 10% Time 

A 5% Time ■ 10% Time extrapolated 



TABLES 

Slope of Field'Strength/Disiance Lines 



TIME- 






PERCENTAGE 


m 


20 log k 


0-1 


-3-464 


240-2 


1 


-4-848 


293-8 


5 


-5-199 


286-5 


10 


-4-557 


240-4 



3.4. Monthly Field-Strength Variations 
The field strengths exceeded each month at 



Happisburgh and Flamborough Head for selected 
time-percentages are shown in Figs. 4(a) and 4(W 
respectively. Not all of the Flamborough Head 
results are shown because some of them are below 
the noise level of the receiver. It is considered 
that there is insufficient information to justify 
production of similar graphs for the other three 
sites. 

Table 4, which is derived from Figs, 4(a) and 
(b)y shows the overall range of variation in monthly 
field-strength values for stated time-percentages at 
Happisburgh and Flamborough Head. It can be seen 
that the field strengths for low time-percentages 
have a much greater month-to-month variation than 
those at the higher percentages. This is to be 
expected since the latter values correspond to 
relatively normal propagation conditions. The large 
monthly variation at low time-percentages empha- 
sises the necessity for data to be obtained over 
extended periods of time. 



An inspection of Figs. 4(a) and (b) shows that 
there is a tendency for the signals to be higher 
during the summer months, and lower during the 
winter. It is however, of interest to note that the 



highest monthly field strength values for 0*1%, 1%, 
5% and 10% time throughout this series of measure- 
ments occurred during a winter month, namely, 
December 1962. These high values occurred over 
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Fig. 4 - Field strengths exceeded in each month for selected time percentages 

O Extrapolated value 



TABLE 4 
Range of Monthly Field Strengths; October 1961 - December 1963 



RECEIVING SITE 

Happisburgh 
Flamborough Head 



PATH 

DISTANCE 

km 

198 

365 



RANGE OF VARIATION OF MONTHLY FIELD 
STRENGTHS FOR STATED TIME- PERCENTAGES dB 

0-1% 1% 5% 10% 50% 



17^5 



61-5 


64-0 


63-0 


55-0 


>78-5 


>62"0 


>55-5 


>37-0 



the period from 2nd - 5th of December, and can be 
associated with a large stationary anticyclonic 
system situated over Central Europe. 



4. COMPARISON OF 774 MHz OVERSEA RESULTS 
WITH OTHER MEASUREMENTS OVER THE 
SAME PATHS 

4.1. Band IV Measurements 

The results of measurements of transmissions 
radiated in Band IV at 560 MHz from Scheveningen, 
and received at the same five coastal sites, have 
been described in earlier reports. ^>^ A later series 
of measurements of this same transmission^ also 
utilized the Happisburgh receiving site. Figs. 5(a) 
to (e) show, for each of the sites, the field strength/ 
time-percentage curves obtained at 774 MHz, and 
also those at 560 MHz from these earlier measure- 
ments. Before considering the differences due to 
frequency it is appropriate to first consider the 
differences between the various Band IV results. 

At all sites, except Happisburgh, the field 
strength at any specified time percentage during the 
period from June 1959 to June 1961 exceeds that 
during the period from October 1961 to June 1962 by 
some 10 - 20 dB. At Happisburgh this situation 
also exists over the range of time percentages 
relevant to frequency planning applications, i.e. 
where co-channel interference may be accepted for 
between 1% and 10% of the time. However, at this 
site the two periods tend to provide the same values 
for large time percentages i.e. under normal propa- 
gation conditions, while the second period gives 
the higher values for low time percentages. 

The discrepancy between the two sets of 
results may be assumed to derive entirely from the 
occurrence of differing meteorological conditions 
during the two periods, again emphasising the 
importance of extending measurements over a long 
time to obtain representative statistical distri- 
butions. It should be noted that the first series of 
measurements at 560 MHz covered a period of two 
complete years commencing with the prolonged 
summer weather of 1959. In the report^ on these 
measurements it is suggested that the somewhat 



exceptional anticyclonic conditions of this summer 
may have biased the overall results. Furthermore, 
a month by month comparison of the results from 
these measurements suggested a seasonal pattern 
with signals tending to be lower during the winter 
months. As discussed in Section 3.4 of the present 
report, the same trend is observed, except for the 
anomalous results of December 1962, for the 774 
MHz transmissions. Consequently it might be 
expected that the second series of measurements at 
560 MHz, which covered a period of 8!/2 months 
excluding the summer months, would be lower than 
the first series. That they should be so much lower 
is, nevertheless, surprising. The results of the 
March 1963 to June 1964 measurements (obtained at 
Happisburgh only) approximate very closely to the 
result obtained by combining the previous two 
periods discussed above. 

4.2. Comparison of Band IV and BandV Measure- 
ments 

From Figs. 5(a) to (e) it may be seen that, at 
all sites except Happisburgh, the field-strength/ 
time-percentage distribution for the measurements 
at 774 MHz lies between the distributions for the 
two series of measurements at 560 MHz. There is, 
however, a trend for the Band V distribution to 
approximate more closely to the higher of the two 
Band IV distributions at the nearer sites and to the 
lower one at the more distant sites. In other words, 
for any specified time percentage, the slope of the 
field»strength/distance characteristic is greater 
at Band V than at Band IV. 

It has been shown in previous simultaneous 
560 MHz and 774 MHz oversea measurements'^ that 
between 200 km and 1000 km the field-strength/ 
distance relationships of the two transmissions at 
any specified time-percentage are very similar. • 
The maximum value of the ratio between the Band 
IV and Band V field strengths is about 5 dB. This 
maximum value, (the Band V field strength being 
the higher), occurs for low time percentages at 
short distances. Furthermore, the variation of this 
ratio with distance does not exceed approximately 
3 dB. Consequently, any substantial difference 
between the slopes of the field-strength/distance 
characteristics of the consecutive Band IV and 
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Fig, 5 - Comparison of 560 MHz and 774 MHz field-strength/time-percentage curves for each receiving site 

560 MIlz June 19 5^) - June IQ61 »^ ™ - ™-„,™56n MHz October 1961 - June IQ62 
™— „-™.„5riO Mflz March 1963 - June 1964 (Flappisburgh only) _™._^_™™774 MHz October 1961 - December 1963 



Band V measurements may be attributed primarily to 
differing propagation conditions during the two 
periods, i.e. to the positions of the anitcyclonic 
systems relative to the transmission paths.* 

The results represented in Figs . 5(a) to (e), 
together with the results of the simultaneous record- 
ings in Bands IV and V, indicate that variations 
between the measurements depend less upon fre° 
quency than upon the period of time over which the 
measurements are made. It therefore appears logical 
to combine all the results of measurements in 
Bands IV and V to give single field-strength/time» 
percentage distributions for the five sites. These 
resultant curves are plotted in Figs. 6(a) to (e) and 
represent total measurement periods of 6V4 years at 
Happisburgh and 5 years at the other four sites. 
Results for particular time-percentages are given 
in Table 5. 



Band III curve by some 1 to 2 dB, but this dif- 
ference is not considered significant. 

The only field-strength/time-percentage curves 
of Fig. 6 that extend beyond the 5% time value are 
those for the shorter transmission paths, represented 
by Figs. 6(a) and (b). These show that the field 
strength curves tend towards identical values in the 
10% to 20% region, and that the v.h.f. field strengths 
exceed the u.h.f. values for the greater time- 
percentages. 



5. • COMPARISON OF COMBINED BANDS IV AND 
V MEASUREMENTS WITH CCIR FIELD^ 
STRENGTH/DISTANCE CURVES 



5.1. Adjustments Required 
Measured Values 



to Standardize 



4.3. Comparison of U.H.F. and V.H.F. Measure- 
ments 

Figs. 6(a) to (e) show for each of the five 
receiving sites, the combined field-strength/time- 
percentage curves for Bands IV and V, together 
with curves derived from previous measurements in 
Bands 11^ and III. ^ The operating frequencies for 
these latter measurements were 94"35 MHz and 187 
MHz. It may be seen that at the low time-percent- 
ages, field strength values increase substantially 
with increase of frequency. Lerwick results are 
exceptional in that the Band II curve exceeds the 



All the results obtained in this and earlier 
reports were obtained at open coastal sites, the 
site heights ranging from approximately 9 m to 90 m 
above mean sea level. For the purpose of calcu- 
lating co-channel interference probabilities over 
sea paths, however, it is convenient to use a single 
series of field-strength/distance curves, represent- 
ing field strength probabilities in built-up coastal 
areas for standardized effective transmitting and 
receiving aerial heights* ■ It is considered that a 
suitable approximation of the "clutter loss" due to 
buildings (sometimes called urban depression) may 
be obtained by reducing the measured values by 
7 dB. The currently adopted CCIR oversea curves 



TABLE 5 
Combined Results of 560 MHz and 774 MHz Measurements 



RECEIVING SITE 


DISTANCE 


NO. 


OF MONTHS 




FIELD STRENGTH, 


dB(aV. 


/m) FOR Ikv 


/ e.r.p. 




km 


RECORD AVAILABLE 


0-1% 


1% 


5% 


10% 


50% 


Happisburgh 


198 




75 




75-0 


64-0 


45-5 


30*5 


6-0 


Flamborough Head 


365 




59 




66-0 


53*0 


24-0 


8-0 


<NL 


Newton-by-the-Sea 


543 




59 




57-5 


37-5 


2-5 


-6-0* 


<NL 


Bridge of Don 


690 




59 




42-5 


19-0 


<NL 


<NL 


<NL 


Lerwick 


950 

* Extrapolated 




59 


<NL ■ 


42-0 
- Below Noi 


10-5 
ise Level 


<NL 


<NL 


<NL 



* It should, however, be noted that both the simultaneous 
and consecutive series of measurements show that at 
Happisburgh (198 km) the Band V transmission results in 
significantly higher field strengths at time percentages of 
less than 5%. 



for u.h.f; propagation"^ refer to transmitting and 
receiving aerial heights of 300 m and 10 m respec- 
tively. ■ For other aerial heights the CCIR recom- 
mend^-*^ utilization of a distance correction such 
that, for a distance x km and transmitting and 
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receiving aerial heights of hi and h^ meters, the 
curves should be read for a distance of 

X + 70 - 4•l(^Ihl + ^fh2 - NflO) km. 

Preliminary results of further measurements 
being carried out by the BBC indicate that the 
relationship between field strength and aerial height 
over sea paths varies according to the propagation 
conditions. Aerial height-gain appears to be least 
under the most abnormal propagation conditions. It 
is therefore proposed that an erppirical allowance 
be made for this varying relationship by applying 
the full CCIR distance correction at the 10% and 
and 50% time levels, and no correction at 1% time. 
For 5% time a correction of half the full value 
appears to be appropriate. 

In Table 6 are given the measured results of 
Table 5, adjusted by the correction factor for 
clutter loss, and by the distance correction required 
to relate these measurements to transmitting and 
receiving aerial heights of 300 m and 10 m a.m.s.l. 



5.2. Comparison Between Existing and Proposed 
CCIR Curves 

Fig. 7 represents current CCIR oversea u.h.f. 
propagation curves ratified at the Plenary Session, 
Geneva 1963. Superimposed are the adjusted results 
given in Table 6. It will be seen that although 
there is reasonable agreement between the curves 
and measured values at the shorter distances, 
discrepancies greater than 10 dB occur for the more 
distant sites at the 1% and 5% values. The root- 
mean-square discrepancy for the 12 points available 
for comparison with the curves is 7*8 dB. 

In view of the discrepancies between the 
measurements and existing CCIR curves, a new 
series of u.h.f. field-strength/distance curves has 
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been proposed by United Kingdom CCIR Study 
Group V for adoption by the CCIR at the Plenary 
Session at Oslo this year. These curves which are 
based on a number of oversea path measurements, 
including those made by the BBC, are represented 
in Fig. 8 with the values from Table 6 superimposed. 
These curves show an improved correlation with 
the measurements, the root-mean-square discrepancy 
being 3'9 dB, i.e. half that for the current curves. 
The principal discrepancies are at the 1% time- 
percentage, but they do not exceed 7 dB in any 
instance. The relatively poor fit of the points to 



TABLE 6 
Combined Results of 560 MHz.and 774 MHz Measurements, Modified to Standard Conditions Represented by CCIR Curves 



RECEIVING SITE 



TRANSMITTING 

AERIAL HEIGHT 

a.m.s.l. 



APPROXIMATE 

RECEIVING 

AERIAL HT. 

a.m.s.l. 



MAX. ACTUAL MAX. FIELD STRENGTH WITH 7 dB 

DISTANCE DISTANCE CORRECTED CORR^ FACTOR APPLIED 

CORR^ DISTANCE dBi^V/m) FOR 1 kW e.r.p. 



Happisburgh 


60 


Flamborough Head 


60 


Newton-by-the-Sea 


60 


Bridge of Don 


60 


Lerwick 


60 



25 
55 
30 
20 
100 



km 
+ 30-5 
+ 20 
+ 28 
+ 33 
+ 10 



km 
198 
365 
543 
690 
950 
* Extrapolated 



km 
228-5 
385 
571 
723 
960 



1% 
57-0 
46-0 
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this curve may be considered as due either to over- 
simplification of the corrections required to stan- 
dardize the measured values, or to an error in the 
slope of the curve inherent in the assumption 
of a power-law field-strength/distance relationship. 
The poor fit of the point representing 10% time at a 
distance of 571 km may be explained if it is remem- 
bered that this point is derived by extrapolation of 
the original field-strengtli/time-percentage curve. 



When comparing the results of the measure- 
ments with current CCIR oversea curves, appre- 
ciable discrepancies are apparent at the greater 
distances for low time-percentages. These dis- 
crepancies are considerably reduced when com- 
parison is made with the curves currently proposed 
by the United Kingdom CCIR Study Group V. In 
this instance the only significant discrepancies 
occur at the 1% time level. 

Both Band IV and Band V results show that 
the month to month variation of field strength in- 
creases with decreasing time-percentage. A sea- 
sonal trend is indicated, abnormal propagation tend- 
ing to occur mainly during the summer months. It 
may be appropriate to consider this seasonal trend 
when planning co-channel transmitters. ■ If a field 
strength level is derived from the overall results, 
for which interference may be expected for a certain 
percentage of the time, this percentage may be 
appreciably exceeded during the summer months. 
However as the results for December 1962 show, 
extremely high field strength levels may also occur 
in the winter months. 

In view of the requirement for prolonged mea- 
surements to establish reliable information about 
low time-percentage values, it would not appear 
that any further comparisons with this 1% curve at 
the greater distances will be readily obtained. 
However useful further measurements could be 
carried out to check the CCIR curves at shorter 
ranges, If such short range measurements could be 
carried out at frequencies in both Band IV and Band 
V, the apparent trend towards higher field strength 
values in Band V at low time-percentages could be 
further investigated. 



6. CONCLUSIONS 



7. ACKNOWLEDGEMENTS 



The results of the oversea path measurements at 
774 MHz represent the latest phase of a continuous 
programme of measurements over these paths at 
frequencies in the v.h.L and u.h.f. bands. Com- 
parison with results already obtained in Band IV 
show that at any given time-percentage the slope of 
the field-strength/distance curve may be slightly 
greater in Band V than in Band IV. However, the 
position and slope of these curves for low time- 
percentages depend upon the meteorological con- 
ditions which exist over the propagation paths 
during the measurement periods. It would appear 
therefore that, in a climate such as is experienced 
in the United Kingdom, reliable field-strength/ 
distance curves for low time-percentages should be 
derived from measurements extending over a period 
of several years. Bearing in mind that the Band IV 
and Band V results were substantially the same, 
they may be combined to provide a 'single series of 
curves. We thus have results covering a period of 
about 5 years. 
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